Here we compare PM 2.5 (particles with aerodynamic diameter less than 2.5 mm) mass and filter absorbance measurements with elemental carbon (EC) concentrations measured in parallel at the same site as well as collocated PM 2.5 and PM 10 (particles with aerodynamic diameter less than 10 mm) mass and absorbance measurements. The data were collected within the Traffic-Related Air Pollution on Childhood Asthma (TRAPCA) study in Germany, The Netherlands and Sweden. The study was designed to assess the health impact of spatial contrasts in long-term average concentrations. The measurement sites were distributed between background and traffic locations. Annual EC and PM 2.5 absorbance measurements were at traffic sites on average 43-84% and 26-76% higher, respectively, compared to urban background sites. The contrast for PM 2.5 mass measurements was lower (8-35%). The smaller contrast observed for PM 2.5 mass in comparison with PM 2.5 absorbance and EC documents that PM 2.5 mass underestimates exposure contrasts related to motorized traffic emissions. The correlation between PM 10 and PM 2.5 was high, documenting that most of the spatial variation of PM 10 was because of PM 2.5 . The measurement of PM 2.5 absorbance was highly correlated with EC measurements and suggests that absorbance can be used as a simple, inexpensive and non-destructive method to estimate motorized traffic-related particulate air pollution. The EC/absorbance relation differed between countries and site type (background/traffic), supporting the need for site-specific calibrations of the simple absorbance method. While the ratio between PM 2.5 and PM 10 mass ranged from 0.54 to 0.68, the ratio of PM 2.5 absorbance and PM 10 absorbance was 0.96-0.97, indicating that PM 2.5 absorbance captures nearly all of the particle absorbance.
Introduction
Recent epidemiological studies have suggested that trafficrelated air pollution contributes to health effects associated with long-term exposure to air pollution (Wjst et al., 1993; Weiland et al., 1994; Oosterlee et al., 1996; Vliet van et al., 1997; English et al., 1999; Nyberg et al., 2000) . Exposure assessment in these studies has included self-reported traffic volumes on residential streets, quantitative data on traffic counts collected by local agencies or the distance to major roads. Only a few studies have incorporated actual measurements of traffic-related air pollutants. Most of these studies used NO 2 as an indicator for traffic-related air pollution (Nakai et al., 1995; Ciccone et al., 1998; Kra¨mer et al., 2000) . Some other studies have included particle measurements, such as PM 2.5 , PM 10 , or absorbance of PM 2.5 filters Janssen et al., 2001) .
The health effects of particles probably differ between particles from different sources, for example, resuspended road dust or combustion-derived particles. In a study conducted by Brunekreef et al. (1997) health effects were associated with local truck traffic counts and with black smoke concentrations in schools, whereas no associations were observed for car traffic counts, suggesting a specific effect of diesel exhaust particles. Duhme et al. (1996) found a positive association between self-reported symptoms of asthma and allergic rhinitis and self-reported frequency of truck traffic. In addition, recent experimental studies (Diaz- Sanchez, 1997 , Bayram et al., 1998 highlight the role of diesel exhaust particles in enhancing inflammatory and allergic responses in the respiratory system. As several studies reported strong correlations between elemental carbon (EC) concentrations and diesel vehicle traffic (Delumyea et al., 1980; Keeber, 1990) and documented that the majority of EC emissions in urban environments originate from diesel exhaust engines (Wolff et al., 1985; Hamilton and Mansfield, 1991; Fischer et al., 1997; Gray and Cass, 1998) , EC measurements were often used to estimate the contribution of diesel exhaust engines to the particle concentrations. More recently studies showed that nowadays in Western Europe and the US, between 67 and 90% of the atmosphere's content of EC is estimated to be produced by diesel-powered vehicles (Hamilton and Mansfield, 1991; Fischer et al., 1997) . Nevertheless, it must be still considered that the contribution of other primary combustion sources such as coal-burning, heating or industry can vary significantly between cities (Fischer et al., 1997; Hies et al., 2000) .
EC represents rather complex species with a number of functional groups, e.g., alcoholic, phenolic, carbonylic, or carboxylic. Besides ''elemental carbon'', other terms such as ''soot'' and ''black carbon'' are used loosely and often interchangeably by air quality, health and industrial researchers. The terms define a similar fraction of the carbonaceous aerosol and are supposed to be comparable, but have a slightly different thermal, optical, and chemical behavior in most cases. These properties depend on the sources and atmospheric age of carbonaceous aerosols. The analytical determination of EC is complex. It requires a noncarbon filter, the measurements are time-consuming, expensive, and filter destructing.
Furthermore, multiple methods exist for measuring the elemental carbon content of particles, which may yield substantially different concentrations (Schmid et al., 2001) . Since elemental or black carbon is the main light-absorbing substance in ambient air (Horvarth, 1993) , EC measurements should be highly correlated with reflectance measurements, as in the old Black Smoke method. Measuring the reflectance of PM filters would be an alternative and cheaper way to assess exposure to traffic-related particulate matter. Several studies have documented that black smoke (BS), derived from absorbance coefficients, is well correlated with the concentration of EC or soot (Ulrich and Israel, 1992; Janssen et al., 2001; Kinney et al., 2000) . All those studies refer to correlation of daily samples, whereas the correlation between annual averages has not been studied till now. However, this correlation is the relevant correlation for studies on chronic effects of air pollution where spatial contrasts are evaluated.
As part of an international collaborative study on the impact of Traffic-Related Air Pollution on Childhood Asthma (TRAPCA) exposure to ambient particles were estimated for three separate birth cohorts in Munich (Germany), The Netherlands, and Stockholm County (Sweden). We conducted a 1-year monitoring program to estimate the annual average concentrations of PM 2.5 , PM 10 , absorbance of PM 2.5 and PM 10 filters, and EC as described in detail by Hoek et al. (2002) . The measurement sites were selected in order to maximize the variation among the trafficrelated predictor variables (e.g., traffic intensity, population density near the sites). Thus, the data set offers the unique possibility to compare the different particle measurements with regard to their suitability as indicators for traffic. Here we test the assumption that the absorption coefficient is a good marker for EC by comparison of the variability of PM 2.5 and absorbance of PM 2.5 filters with the variability of EC and by comparison of the contrast between background and traffic sites for PM 2.5 mass, absorbance of PM 2.5 , and EC. Furthermore, we analyze the difference and correlation between absorbance measured on PM 2.5 , and PM 10 filters and compare it to the difference and correlation between the PM 2.5 and PM 10 mass concentrations.
Methods

Study period and study design
As part of the TRAPCA study, measurements of ambient exposure to motorized traffic emissions were conducted for three separate birth cohorts in three locations, The Netherlands, Munich (Germany), and Stockholm County In Munich and The Netherlands 40, in Stockholm County 42 measurement sites were selected. For budgetary reasons it was not possible to obtain all particle measurements (PM 2.5 , PM 10 , and EC) for each site. Most pump units were operated with two inlets simultaneously, the first one for the regular PM 2.5 measurements and the second one for other purposes, such as EC or PM 10 measurements or quality control purposes. Owing to this design we measured PM 2.5 concentrations and the reflectance of PM 2.5 filters at all 122 sites, EC at 36 sites (these sites are called in the following ''EC sites''), PM 10 and the reflectance of PM 10 filters at additional 36 sites (''PM 10 sites''). At each site, four 14-day average samples were collected, spread over 1 year. For all pollutants, annual averages were calculated as described by Hoek et al. (2002) . This strategy resulted in reasonably precise estimates of the annual average, for example, the standard error of the mean was less than 1 mg/m 3 for PM 2.5 .
Site selection
The distribution of the sampling sites differed between the three study areas because of the different characteristics and distribution of the birth cohorts. In The Netherlands, a large part of the whole country was included. The spatial scale of the Dutch area was approximately 200 km. The study areas in Germany and in Sweden were rather small with a spatial scale of 20 km in Germany and 25 km in Sweden. In Sweden, the study area involved the city of Stockholm and three communities near Stockholm (Solna, Sundbyberg, and Ja¨rfa¨lla); in Germany, the study area was restricted to the city of Munich. The measurement sites were selected in order to capture sufficient variability with regard to the traffic intensity and/or population density near the sites. In each country, we selected both, background as well as traffic sites, according to common criteria. Background sites were defined as sites that were not influenced substantially by sources in the ''direct vicinity''. Within a circular buffer of 50 m there were no major roads and no other important sources of combustion gases and particulate matter (construction works, small industries, district heating plant, parking lot/garage). Traffic sites were those where no sources except the street were present near the site. The background sites were distributed well between the inner city and the suburbs. The traffic sites were adjacent to streets with different traffic intensities and the distance to the street varied from site to site. The traffic sites were located both at main roads and side roads. The mean distance between samplers at the traffic sites and the nearest street was 6 m in The Netherlands, 10 m in Munich, and 19 m in Sweden. In addition to the urban background and urban traffic sites, rural sites were also included in The Netherlands and Sweden. The distribution of EC and PM 10 measurement sites among the different sites environments is given in Table 1 .
Sampling and analysis methods
All air samples were collected with Harvard impactors (Marple et al., 1987) according to a standard operating procedure SOP TRAPCA2.0 (Hoek et al., 2002) . The sampling duration was 14 days. In order to avoid overloading of the filters, timers were used to sample for 15 min during each 2 h period. In this way, we collected effectively a 42-h sample representative for 14 days. All samples were collected at a flow rate of 10 l/min. PM 2.5 and PM 10 were collected on Anderson 37 mm 2 mm pore size Teflon filters with a polyolefin support ring. For the EC measurements we used Schleicher and Schuell GF20 quartz filters. Before and after sampling, Teflon filters were conditioned during at least 24 h at a constant temperature and relative humidity and then weighed using a microbalance by each center. In The Netherlands and Munich, climate-controlled weighing rooms were used (T ¼ 20721C and RH ¼ 3575% in Munich; T ¼ 23711C and RH ¼ 3772% in The Netherlands). In Stockholm, the temperature in the climate room was 22721C and the RH between 50 and 65%, so a desiccator with a saturated solution of CaCl 2 was used to maintain RH at 30-40%.
After weighing, the reflectance of all Teflon filters was measured according to a procedure described before (Fischer et al., 2000) . The exact measurement procedure is described at the internet site for the EU multicenter study ULTRA (http://www.ktl.fi/ultra). All reflectance measurements were conducted in the Laboratory of the Environmental and Occupational Health Unit, The Netherlands. The reflectance of all Teflon filters was measured using the M43D Smoke Stain Reflectometer (Diffusion Systems LTD), which measures the reflection of the light incidence in percent. After warming up for at least 15 min, the reflectometer is set to zero. With the measuring head located over the white standard tile, the reflectance reading is set to 100.0. Next, the gray standard tile is measured, the reflectance should be within the limits specified in the manufacturer's manual. The reflectance of five blank Teflon filters was measured before the study period. To compensate for inhomogeneity of the filter, the reflectance was measured on five different spots of each filter and then averaged. The filter with the median average reflectance was designated as the primary control filter, unless the standard deviation of the five measurements was more than 0.5 units (if it was higher a new Teflon filter was selected and the procedure repeated). The primary control filter was used in each analysis session to set the reflectometer to 100.0. Sampled filters were measured at the five standard locations as well. The averaged reflectance was transformed into an absorption coefficient using the formula according to ISO 9835 (ISO, 1993) :
), A the loaded filter area (0.00078 m 2 ), V the sampled volume (m 3 ), R 0 the average reflectance of field blanks (%), and R f the reflectance of sampled filter (%). The average field blank was used, but this is only valid if filters are from the same lot. The absorbance coefficient was then multiplied by 10 5 to make the readings more comprehensible. Reflectance applied in the current work was not converted into units of mass In Munich, all sites were urban sites. In the Netherlands urbanization degree 1 and 2 of the municipality is considered as urban, 3-5 as rural. In Stockholm county, rural is Ja¨rfa¨lla, other areas are considered as urban.
Traffic-related particle indicators Cyrys et al. concentrations since the transformation used to calculate mass concentration is filter specific and no transformation was available for the filters used in this study.
Analysis of EC filters was conducted at TÜ V Su¨ddeutsch-land Bau und Betrieb GmbH in Donzdorf, Germany, according to the German reference method VDI 2465 (VDI, 1996) . After a pretreatment of filter by liquid extraction of the organic compounds with a nonpolar solvent for the removal of extractable organic carbon, the filter is dried, and the non-extractable organic carbon is removed by thermal desorption under nitrogen at 5001C. The determination of the remaining carbon (i.e., EC) is based on converting carbon-containing compounds to CO 2 and H 2 O in an oxidizing atmosphere at 6501C, and the CO 2 produced is detected by coulometry.
We conducted an extended internal quality assurance/ quality control program as well as an external comparison program which is described in detail by Hoek et al. (2002) . In general, the detection limits (DL) for all components were low. The detection limit for PM 2.5 was 3.4, 1.65, and 0.7 mg/m 3 in Germany, The Netherlands, and Sweden, respectively. DL for PM 2.5 absorbance was 0.2 m À1 Â 10 À5 in Germany and 0.1 m À1 Â 10 À5 in The Netherlands and Sweden. All PM 2.5 absorbance samples were above the detection limit. The analytical DL for EC was 10 mg/filter, that is, 0.25 mg/m 3 . All EC field blanks and one EC sample were lower as DL. The precision of EC measurement calculated as the relative standard deviation of the duplicates was determined in The Netherlands. It was, with 12.9%, significantly higher than the precision of PM 2.5 (3.6%) or PM 2.5 absorbance (1.9%).
Results
Levels and ranges
The comparison of EC levels with PM 2.5 mass concentrations and PM 2.5 absorbance is possible only for sites where EC measurements were also made (n ¼ 12 for each country). Table 2 provides a description of the variability of EC annual average concentrations compared with the PM 2.5 and PM 2.5 absorbance annual average concentrations. The levels of EC and PM 2.5 absorbance were comparable for Germany and The Netherlands and lower in Sweden. The mean PM 2.5 concentration was highest in The Netherlands, followed by Germany and Sweden. The range (the difference between the lowest and the highest annual average, expressed as a percentage of the median) of EC ranged from 122% in Sweden to 177% in The Netherlands. In contrast, the range for PM 2.5 mass concentrations was significantly smaller (46% in Munich, 69% in The Netherlands, and 64% in Sweden). The range for the corresponding absorption coefficients of the PM 2.5 filters was more comparable with the EC range (105%, 139%, and 146% for Germany, The Netherlands, and Sweden, respectively). Table 3 summarizes the annual average concentrations of EC, PM 2.5 , and PM 2.5 absorbance for the three different site types (background urban, background rural, and traffic site) for each country separately. The annual averages of all pollutants were lower at the background rural sites than at the background urban sites. The urban-rural contrast was substantially smaller than the background-traffic contrast. EC accounts for 11.8-15.8% of the measured PM 2.5 mass at background urban sites, and for 18.1-21.7% of PM 2.5 mass at the traffic sites. Furthermore, the table provides the ratios of the means with the background urban sites as the reference group. The highest ratios between traffic and urban background sites were found for EC measurements (1.43-1.84), followed by the ratios for the PM 2.5 absorbance (1.26-1.76). The lowest ratios were observed for the PM 2.5 mass concentration (1.08-1.35). Note that in Sweden there were only two traffic sites, therefore the comparison would be less meaningful. In Germany and The Netherlands, the absolute difference in PM 2.5 concentration between traffic and background sites was essentially the same as the difference in EC concentrations. This suggests that the PM 2.5 difference is because of EC entirely and may reflect the important contribution of diesel exhaust to spatial variability in urban PM 2.5 concentrations.
Since EC and PM 10 were measured at different sites, the comparison of PM 10 and PM 10 absorbance with EC was not possible. Therefore, we compared the ratio of mean PM 2.5 mass to mean PM 10 mass with the ratio of mean PM 2.5 absorbance to mean PM 10 absorbance (Table 4 ). The measured PM 2.5 mass concentration was between 54% (Sweden) and 68% (Germany) of the PM 10 concentration, whereas almost identical levels of PM 2.5 and PM 10 absorbance were measured. The range in annual averages, expressed as a percentage of the median, was only moderately higher for PM 10 compared to PM 2.5 : in The Netherlands 41 Figure 1a and b shows the correlation between the annual averages of EC and PM 2.5 mass concentrations and between EC and the absorption coefficients of PM 2.5 filters. The correlation for the absorption coefficient of PM 2.5 and EC is clearly higher than for PM 2.5 mass and EC in all three centers (R 2 : 0.93 versus 0.67, 0.94 versus 0.56 and 0.73 versus 0.61 in Germany, The Netherlands, and Sweden, respectively). The lowest correlation between the absorption coefficients of PM 2.5 filters and EC was observed for the Swedish measurements. The regression models presented in Figure 1a and b for Germany, The Netherlands, and Sweden differed significantly from each other (Po0.01, ANOVA). After adjusting for country, the regression models for traffic and background sites differed significantly as well (Po0.01, ANOVA). For the 24 background sites, the regression model was EC ¼ 0.34 (0.28)+0.89 (0.24) * PM2.5 absorption; for the 12 traffic sites, EC ¼ À1.78 (0.44)+1.98 (0.18) * PM2.5 absorption (value in brackets are the standard errors of the regression coefficients). This suggests that while the correlation between EC and absorbance was high, site-specific calibration with EC is necessary. Table 5 shows the Spearman correlation coefficients between EC, PM 2.5 mass, and absorbance of PM 2.5 filters. The crude-and country-adjusted correlations were rather similar. The highest correlation was found for the relation between EC and PM 2.5 filter absorbance (r crude ¼ 0.94, r adj ¼ 0.93), followed by PM 2.5 versus PM 10 (r crude ¼ 0.78, r adj ¼ 0.85). The correlations between EC and PM 2.5 mass and between PM 2.5 mass and PM 2.5 absorbance were weaker, but still significant. The correlations between the pollutants were generally stronger at traffic sites than at background sites. The strongest correlation at traffic sites was found for the relation between EC and PM 2.5 absorbance (r ¼ 0.97), followed by PM 2.5 versus PM 10 (r ¼ 0.87) and EC versus PM 2.5 absorbance (r ¼ 0.79). The correlations at the background sites were weaker.
Relation between the pollutants
The high correlation between PM 10 and PM 2.5 (Table 5, Figure 2a ) documents that large portion of the spatial variation of PM 10 was because of PM 2.5 . The regression models for the three countries were significantly different from each other (Po0.01). The respective regression models predict for an annual average PM 10 concentration of 20 mg/m 3 (the current EU guideline for 2010), PM 2.5 concentrations of 13.4, 13.7, and 10.5 mg/m 3 for The Netherlands, Germany, and Sweden, respectively. There was no significant difference for the regression models of background and traffic sites (calculated for all countries combined, but with adjustment for country). The correlation between PM 2.5 absorbance and PM 10 absorbance was almost 1.0 for background sites as well for traffic sites (Table 5, Figure 2b) . The regression models for the three countries and the two site types were significantly different from each other (Po0.01), but the differences were quantitatively small.
Discussion
EC, PM 2.5 mass, and absorbance
The averaged concentrations of EC ranged from 1.5 to 2.7 mg/cm 3 across the three sites studies, levels that are typical of those reported in other urban areas, for example, average EC concentration measured at four sites using a thermooptical method ranged from 1.5 mg/m 3 in Research Triangle Park, NC to 3.3 mg/m 3 in Rubidoux, CA and Phoenix, AZ (Tolocka et al., 2001 ). On the other hand, Countant and Stetzer (2001) reported for 13 US sites lower EC concentrations (measured by thermal optical reflectance) as those measured in our study. The EC concentrations ranged from 0.2 in Bismarck, ND to 1.4 mg/m 3 in New York City (Bronx Botanical Garden), NY. However, by the comparison of the results from different studies one should keep in mind that the EC amount is highly dependent upon the method used for the EC determination (Schmid et al., 2001 ). The VDI method, which we used in our study, was found to give generally higher amounts of EC than the thermal-optical methods. In our study, EC accounts for approximately 15-19% of the measured PM 2.5 mass. The values are higher than the corresponding values reported by Countant and Stetzer (2001) , which ranged from 4 to 10%, but comparable with the results obtained by Tolocka et al. (2001) (12-22%) . The highest EC/PM 2.5 ratio was observed at traffic sites in Germany (22%), followed by The Netherlands (20%) and Sweden (18%). For comparison, in Germany about 20% of the private cars and all buses use diesel. In The Netherlands, about 13% of the private cars and all buses use diesel. In Stockholm county, about 5% of private cars and 90% of the buses (remainder ethanol) use diesel.
Filter absorbance measurements are definitely cheaper and easier to conduct than EC measurements and offer superior measurement precision (1.9% for absorbance versus 12.9% for EC). The absorbance coefficients of PM 2.5 filters were clearly more highly correlated with simultaneously measured EC concentrations than with PM 2.5 mass concentrations (r adj ¼ 0.93 versus 0.74). The results support the assumption that measuring the absorbance of PM filters is an alternative way to estimate the relative concentration of incomplete combustion-derived particulate matter. Several other studies have documented that black smoke (BS), derived from absorbance coefficients, is well correlated with the concentration of EC or soot. In a study in New York, the absorption coefficients of PM 2.5 filters was highly correlated (r ¼ 0.95) with simultaneously measured EC concentrations (Kinney et al., 2000) . In a study in Berlin, outdoor BS concentrations at a traffic-impacted site were highly correlated with EC concentrations (r ¼ 0.98) (Ulrich and Israel, 1992) . The correlation found by Janssen et al. (2001) was also high (r ¼ 0.85); after excluding one outlier the correlation coefficient increased to 0.93. However, all those studies measured either EC or BS differently in comparison with our study. In addition, they refer to correlation of daily samples, whereas in our study the correlation between annual averages was analyzed. The two types of correlations may differ, for example, because common meteorology does affect the daily correlation but not the averages. The correlation between EC and PM 2.5 absorbance was higher at traffic sites (r adj ¼ 0.97) compared to background sites (r adj ¼ 0.65). Even after removing of 2 traffic sites with EC concentrations higher than 5 the correlation remains high (r adj ¼ 0.93). There was a significant difference in the regression slopes relating absorbance and EC for background and traffic sites. There also was a significant difference in the regression slopes relating absorbance and EC, especially between Sweden and the other two countries. Since both EC and absorption coefficient were measured in the same laboratories for all study areas, this is unlikely caused by methodological differences. This suggests that validation of the simpler absorbance method is necessary with EC measurements at sites representative for the study.
The spatial contrast in the absorption coefficient of PM 2.5 was more comparable with the spatial contrast for EC than that for PM 2.5 . Also the contrast between the traffic sites and the background sites for PM 2.5 absorbance was similar to that of EC.
The high correlation between EC and PM 2.5 absorbance is also reflected by the variation of the particulate pollutants. Since we selected sites in order to capture maximum variability in traffic intensity among the streets, we observed a substantial range in annual average concentrations of the particulate pollutants in each study area. As expected, EC has the highest variation among all pollutants, except in Stockholm County, followed by the corresponding ranges for the absorption coefficients of PM 2.5 filters. The smallest ranges were observed for PM 2.5 mass concentrations in all three centers. A small spatial variability in PM 10 concentrations within an urban and between urban and non-urban areas was observed also in other studies (Hoek et al., 1997a; Monn et al., 1997; Cyrys et al., 1998) . A major fraction of PM 2.5 consists of secondary pollutants (sulfates, nitrates), which are formed within the atmosphere from gas-to-particle conversion processes. Those compounds are mainly products of long-range transport and thus have relatively low spatial variability. Since EC and absorbance of PM 2.5 filters relate more to the primary pollutants (e.g., combustion particles of local origin) they have a larger spatial variability even in small areas.
Another possibility to compare the particulate pollutants with regard to their suitability as indicators for traffic is to compare the contrast between traffic sites and background sites. PM 2.5 mass concentrations at the traffic sites were 8-35% higher than at the urban background sites. The contrast for PM 2.5 absorbance was considerably higher (26-76%), which is more comparable to the contrast for EC (43-84%). This is in line with several other studies that have documented a stronger influence of traffic on filter ''blackness'' or EC compared to PM 2.5 or PM 10 mass concentrations, with street/background ratios from 1.8 to 4.1 for ''soot'' or EC and from 0.9 to 1.3 for PM 2.5 or PM 10 mass concentrations Fischer et al., 2000; Kinney et al., 2000; Janssen et al., 2001) . Although the reflectance measurements have been widely conducted in the ''old'' BS measurement method (OECD, 1964) , the method based on reflectance measurement and the results can be compared to ours. Janssen et al. (1997) found 2.6 times higher BS concentrations measured at a street site compared to urban background site. The lower contrast for the reflectance found in our study can be explained by differences in study designs. In the Janssen study, the measurements were conducted only during the day at 0.5 m from the edge of the road, the sampling height was 3 m. In the present study, the measurement sites were located on average 11 m away from the nearest road (24 m from the nearest major road), the average sampling height was 4 m and the measurements were spread over 24 h. BS measured by Nielsen (1996) in Copenhagen were also higher than in our study (2.4 times higher in the main street), possibly because of the larger traffic intensities in the Danish study (60,000 vehicles/day) instead of the average of 10,000 vehicles/day/km in a circular buffer of 50 m in the present study. In Amsterdam (Fischer et al., 2000) the contrast was 1.82 for PM 2.5 absorbance and 1.84 for PM 10 absorbance (the average traffic count in the main street was 16,082 vehicles/day). PM 10 and PM 2.5 mass and absorbance
The correlation between annual averages of PM 2.5 and PM 10 mass was high, documenting that a large portion of the spatial variation of PM 10 was because of PM 2.5 . PM 2.5 -PM 10 ratios are very similar in Germany and The Netherlands. In Sweden, PM 2.5 is a lower fraction of PM 10 . We do not have an explanation for this difference. Apparently, the impact of local sources was stronger in Sweden, which is consistent with the larger spatial variability of PM 10 found in Sweden. The difference is not because of outliers, since median and mean ratios were similar. Neither differences in sites nor distances to major roads explain the difference. The correlation found in our study between PM 10 and PM 2.5 absorbance was very high, with r nearly 1 for the background as well as for the traffic sites. Also, the absorption coefficient values measured from PM 2.5 filters were only slightly lower than the values of absorption coefficients from PM 10 filters (4% lower in Germany and Sweden, 3% in The Netherlands). Similar results were found by Fischer et al. (2000) for the urban area of Amsterdam. This is consistent with the size distribution of elemental carbon (Chow, 1995) and it supports the conclusion that PM 2.5 absorbance is capturing almost all of the absorbance of PM. As the health effects of resuspended dust may differ from the health effects of particulates derived from combustion processes (Schwartz et al., 1996; Laden et al., 2000) , it is necessary to differentiate between the two components of particulate matter. Measurements of the blackness of the filters would be a potential way to extract quantitative information on the composition of the particles. As a consequence of our study, in studies using absorption coefficient as a proxy for diesel soot, it is unnecessary to measure both PM 10 and PM 2.5 filters. Furthermore, it has been shown that measuring the reflectance of PM 10 or TSP (total suspended mater) filters to estimate the relative concentration of combustion-derived particles could be useful for retrospective exposure assessment (Penttinen et al., 2000) . The quantitative relation between EC and absorption coefficient would, however not hold for other time periods, sites, and filter types. Large differences between the reflectance of simultaneously measured particle concentrations on a membrane and paper filter have been described before (Hoek et al., 1997b) .
In conclusion, we have documented quantitatively that measuring the reflectance of PM 2.5 filters is a better proxy for capturing the spatial variation in long-term average concentrations of combustion-derived particles than is a measurement of PM 2.5 mass. The annual average absorbance calculated from the reflectance method correlated well with the annual average EC measurements sampled at the same site. The estimation of reflectance is simpler, cheaper, and more precise than the determination of EC and also has the advantage of being non-destructive. There were however differences in the EC/absorbance relation between countries and site type (background/traffic), documenting the need for site-specific calibrations. The high correlation found between PM 10 and PM 2.5 absorbance and negligible difference in absolute levels of the absorption coefficient values measured from PM 2.5 filters and PM 10 filters documents that for reflectance measurements the (upper) size cut is not critical.
